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学位論文内容の要旨 
Introduction: Salt stress is one of the major environmental stresses limiting crop productivity. Salt stress induces production 
of reactive oxygen species and methylglyoxal that cause oxidative damage to DNA, proteins, carbohydrates and lipids. Plants 
accumulate proline and glycinebetaine to mitigate the damaging effects of salt stress. Plants employ antioxidant defense and 
glyoxalase systems. Up-regulation of the antioxidant and glyoxalase systems offered by proline and glycinebetaine protects 
plants against NaCl-induced oxidative damage. It is reported that proline and glycinebetaine enhance antioxidant defense and 
glyoxalase systems, reduce oxidative damage, and thereby improve salt tolerance in higher plants. 
Objectives: To investigate whether proline or glycinebetaine enhances antioxidant defense and glyoxalase systems, and 
confers tolerance to salinity in NaCl-unadapted tobacco BY-2 suspension-cultured cells. 
Materials and methods: NaCl-unadapted tobacco BY-2 cells cultured in the different media (standard (modified LS medium), 
200 mM NaCl, 200 mM NaCl+20 mM proline, and 200 mM NaCl+20 mM betaine media) were used to investigate the role of 
proline and glycinebetaine in the components of antioxidant defense and glyoxalase systems under salt stress as well as to 
elucidate the role of proline and glycinebetaine in molecular aspects of salt tolerance.  
Results: Both exogenous proline and glycinebetaine mitigated the inhibition of NaCl-induced growth of tobacco BY-2 cells 
and the mitigating effect of proline was more than that of glycinebetaine. Salt stress induced oxidation of proteins and 
reduction of ascorbate and glutathione, and decreased activities of enzymes involved in the antioxidant defense and glyoxalase 
systems except for glutathione-S-transferase and glyoxalase II. Both proline and glycinebetaine suppressed the protein 
oxidation induced by salt stress and alleviated the reduction in activities of enzymes involved in the antioxidant defense and 
glyoxalase systems under salt stress. Neither proline nor glycinebetaine had any direct protective effect on NaCl-induced 
enzyme activities involved in the antioxidant defense and glyoxalase systems. Furthermore, mRNA levels of salicylic acid 
binding catalase, lignin-forming peroxidase, glutathione peroxidase, glutathione-S-transferase and glyoxalase I genes were 
found to be increased by proline and glycinebetaine under salt stress.  
Conclusion: Both proline and glycinebetaine confer tolerance to salinity in NaCl-unadapted tobacco BY-2 
suspension-cultured cells by reducing protein oxidation and enhancement of the components of the antioxidant defense and 
glyoxalase systems. Further investigations are needed to verify the role of proline and glycinebetaine in physiological as well 


















CAT, lignin-forming POX, GPX, GST and glyoxalase Iの遺伝子発現が上昇していた。 
 以上の効果から，プロリンとグリシンベタインは，活性酵素消去系やグリオキザール消去系の活性化
を介して，植物の耐塩性の向上に寄与していることを明らかにした。 
 本研究内容は，学術的な価値のみならず，実用に結びつく技術の基礎となるものである。従って，本
審査委員会は本論文が博士（学術）の学位論文に値することを判断した。
